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FOREWORD

The kidney performs a crucial role in maintaining a stable environ-
ment for the various tissues and organ syslems in the body. A great variety
of extrinsic (extrarenal) factors are involved in the interplay between the
kidney and its environment. Among these, neurohumoral influences, are
of chief importance in various stress states. Some of these have Leen evalu-
ated in a previous CARI report from this lahoratory. Man in flight may
encounter environmental conditions which markedly affect renal hemo-
dynamics. Normally, extrarenal controlling influences, such as the carotid
sinus apparatus, are involved in regulating the vascular resistances of
important beds such as the kidney. The kidney is unique, however, in its
peculiar intrinsic ability to control its own blood flow rate. This poorly
understood charactecistic, termed “autoregulation,”” has been under inten-
sive study for over a hall century. The present investigation is of crucial
importance in that it is concerned with the mechanism of autoregulation in
the intact kidney, and relates the voles of extrarenal humoral influences
as modifying factors of the basic autoregulatory apparatus. These experi-
ments serve to reveal the important links between intrinsic - extrinsic con-
trolling mechanisms in renal hemodynamics operative in man during con-
ditions of stress.
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ABSTRACT

The mechanism of renal autoregulation is unclear. The subject of the present investi-
gation is the mechanism of autoregulation of blood flow in the intact kidney. The left
kidney of the anesthetized dog was exposed via a flank approach. Renal venous outflow
was measured during control periods and following separate elevations of renal artery
pressure, renal vein pressure, and ureteral pressure. Extravascular pressure (tissue
pressure) was estimated by obtaining values of (a) deep vein pressure; (b) needle pres-
sure; (¢) and (d) large vein pressure and ureteral pressure elevations resulting in signifi-
cant decreases in renal blood flow. Results are in agreement with previously reported
studies regarding the important role of extravascular pressure in autoregulation. Inereases
in renal artery pressure result in elevations of extravascular pressure which compress
the renal vasculature, Increases in renal vein and ureteral pressures do not decrease renal
blood flow until approximating or exceeding resting tissue pressure. Results from carotid
artery occlusion experiments indicate that extrarenal humoral influences may be super-
imposed on the autoregulatory phenorienon.

Recent studies have accounted for autoregu-
lation of renal blood flow on the basis of
changes in extravascular pressure (1, 8-15, 21-
22). Experiments carried out in this laberatery
(8-15) have been concerned with autoregula-
tion of flow in isolated perfused kidneys. The
question has arisen as io the applicability of
these findings to the intact kidney. The present
investigation is therefore a logical extensicn of
the earlier studies to explore the possible in-
trinsic renal mechanism(s) operating within
the intact dog kidney which would account for
blood flow regulation. Results from the present
work are in agreement with previcusly reported
isolated perfused kidney studies (8-15) regard-
ing the important role of extravascular pressure
in the autoregulatory phenomenon.

METHODS

Adult dogs were intravenously anesthetized
with sodium pentobarhital, 30 mg. /kg. The left

kidney was exposed via a flank ineision, care
taken to avoid penetration of the peritoneal lay-
er. The kidney was carefully freed from the per-
itoneal lining, the artery, vein, and ureter were
cleared of all extraneous tissues. No ties were
placed around the kidaey in the region of the hi-
lus. Several blood vessels were ordinarily ligated

in the anterior pelar region of the capsule. The
kidney was denervated surgically by section of
nerve fibers. and chemically, by placing a gauze
saturated with procaine around the renal
pedicle. Following heparinization of the dog (3
mg./kg. body weight), the renal artery was
temporarily ligated to permit cannulation of the
renal vein with a large bore polyethylene tub-
ing. Renal venous outflow was collected in a
plastic reservoir secured in a water bath and
blood returned from the kidney to the femoral
vein of the dog by means of a sigmamotor
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pump. Renal vein outflow was measured with
cylinder and stop watch. Large renal vein pres-
sure, tissue pressure (needle pressure) and
aortic pressure (orifice renal artery pressure)
were measured via pressure transducers and re-
corded on a Sanborn recorder, as previously
described (8-12). Twenty-three intact kidney
preparations were carried out as described
above. Renal blood flows averaged 4.0 ¢c/min./
gm. (range, 2.3-5.5) at an average rena] artery
pressure of 122 mm. Hg (range, 90-155).
Several dog-pump-perfused isolated kidney
studies were also carried out to determine the
effect of bilateral carotid occlusion on levels of
blood borne vasoactive agents. Deep vein pres.
sures in some intact kidneys were obtained as
illustrated in Figure 1. The tip of a flexible
polyethylene catheter was carefully maneuver-
ed deeply into the kidney substance at the level
of the arcuate or interlobular veins. Criteria for
successful catheter tip placement were (a) a
marked increase in pressure when the catheter
tip was advanced into veins deep within the
renal substance (b) a rapid return in pressure
following catheter flushing, and (c) free with-
drawal of blood through the catheter. Technical
errors inherent in the procedure have been
described in two reports. {13, 16). Large vein
pressure was measured and maintained at zero
mm. Hg. In some experiments large vein pres-
sure was increased in steps by adjustment of a
screw clamp placed on the venous outflow cath-
eter distal to the pressure measuring needle.
Tissue pressure was estimated by four inde-
pendent procedures: (a) value of deep vein
pressure, (b) value of needle pressure,
(c) value of increased large vein pressure re-
sulting in a detectable fall in renal blood ilow,
and (d) value of increased ureteral pressure
bringing about a detectable decrease in renal
blood flow. As in previcus studies (11, 13-16),

these values showed close agreement.
Systemic arterial pressure in some experi-
ments was increased by transfusion or decreased
by withdrawal of blood following transfusica.
Results were compared to those in which arteri-
al pressure was increased by bilateral carotid
artery occlusion as carried out by Thurau and
Wober (26). Experiments on the dog-pump per-
fused kidney were also carried out to assay

levels of circulating constrictor agents following
carotid artery occlusion.

RESULTS

Experiments were carried out in intact dog
kidneys to obtain estimations of extravascular
pressure (tissue pressure). Table I provides
average values of systemic arterial pressure
(orifice renal artery pressure) and exiravascu-
lar pressure in twenty-one intact kidney pre-
parations. Extravascular pressure values were
obtained either by deep vein pressure measure.
ment (4 kidneys )or by values obtainad from
two to four of the independent procedures de-
scribed in the Methods section. Pressures in
twenty-one kidneys averaged 37 mm. Hg (range,
18-5G) at an average orifice renal artery pres-
sure of 122 mm. Hg (range, 90-145}. Renal
blood flows averaged 4.0 cc./min./gm. (range,
2.3-3.5).

Deep vein pressures, obtained as described in
Figure I, were measured early in nine intact
kidneys. This data with simultaneously measur-
ed renal artery pressures is shown in Table II.
Deep venous pressure averaged 42 mm. Hg in
nine kidneys with an average renal artery pres-
sure of 129 mm. Hg {mean renal blood flow,
4.2 ec./min./gm.).

As an extension to the above experiments,
systematic arterial pressures were increased in
some experiments by transfusion of blood, or
decreased following transfusion. The effect of
the resulting change in renal artery pressure on
extravascular pressure was determined. Figure
2 provides raw and calculated data from one
intact kidney experiment. It is seen that the
change in total renal vascular resistance
{RAP/F) was accounted for in large measure
by aiterations in venous segment resistance
(DVP-LVP/F) (deep vein pressure minus large
vein pressure/blood flow). Table IIf summar-
izes results from 7 intact kidney experiments.
Arterial pressure is increased from an average
of 101 to 155 mm. Hg and autoregulation is
observed in each instance, Approximately two-
thirds of the increase in total renal resistance
(RAP/F) was accounted for by alterations in
venous segment resistance (DVP-LVP/F),
These data emphasize the role of extravascular
pressure changes as an important component of
the autoregulatory apparatus.
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The effect of large vein pressure elevation on
renal hemodynamiecs is summarized in 17 intact
kidney experiments (Table IV). Large vein
pressure was successfully increased by adjast-
ment of screw clamp on the venous outflow
catheter. On the average, renal blood flow is
little influenced by increases in renal vein pres-
sure (orifice vein pressure) through a wide
range of venous pressure values (0-45 mm.
Hg). Total resistance (RAP-LVP/F) progres-
sively decreases as a function of increased
venous pressure varyinrg from 0 to 60 mm. Hg.
Renal artery pressures are maintained relative-
ly constant in each experiment through the en-
tire range of venous pressure alteration. Deep
venous pressures were measured in four experi-
ments in which large vein pressures were in-
creased as in the previous table. Table V' demon-
strates the effect of increasec large vein pres-
sure on total resistance (RAP-LVP/F) and
venous segment resistance (DVP-LVP/F) in
the intact kidney. Renal artery pressure is main-
tained relatively constant in each experiment.
It is seen that renal blood flow remains rela-
tively constant until large vein pressure approxi-
mates or exceeds resting deep vein pressure
(extravascular pressure). Total resistance (Rx)
decreases as a function of elevated large vein
pressure (LVP), which is primarily due to the
drop in venous segment resistance (Rv).

The effect of ureteral pressure elevation on
renal blood flow in intact kidneys, with and
without a diuresis is illustrated in Table V1.
Control (pre-ureteral pressure elevation) extra-
vascular pressures are shown in mosl experi-
ments. Ureteral pressure was increased by oc-
clusion of the ureteral catheter following cath-
eter attachment to a pressure transducer. Re-
sulis show that a decrease in renal blood flow
ordinarily occurs when ureteral pressure ap-
proximates or exceeds resting extravascular

pressure.

Arterial pressures in the present experiment
were increased by transfusion of homologous
blood. Other investigators {26) have achieved
this by carotid artery occlusion. Several experi-
ments were carried out utilizing the latter pro-
cedure to determine if extrarenal influences
were present to interfere with renal autoregula-
tion. Table VII illustrates the results from these

studies. An isolated kidney from a donor dog
was perfused at constant arterial pressure or
flow with blood from an intact dog. The com-
mon carotid arteries of the dog were tempo-
rarily occluded and the vascular effects on the
isolated kidney were measured. Changes in re-
sistance in the perfused kidney could only be
due to changing concenirations of vasoactive
agents in the blood. Resulis from eight experi-
ments show that when biiateral carotid occlu-
sion occurs, constrictor agents are released into
the blood which cause a marked rise in renal
resistance. Conversely, when carotid occlusion
is released, a marked drop in toial resistance
in the isolated perfused kidney occurs. Because
of the magnitude of the resistance changes when
compared to the corresponding sysiemic ariery
pressure alterations, autoregulation of a kidney
may be grossly interfered with by the extrinsic
humoral influences. These experiments were
also carried out in intact kidneys, and similar
complicating extrarenal influences were also
noted. It was shown that irira.arterial injections
of catechol amines in the intact kidney result
in marked decreases in deep venous pressure
(extravascular pressure). Therefore, the effect
of carotid ocelusion on the intact kidney is two-
fold: (a) renal arlery vasoconstriction and
(b) a tendency to reduce extravascular pressure.
These carotid occlusion experiments demon-
strate the important role of extra-renal humoral
influences on renal vascular resistance.

DISCUSSION

Results from the present work on the intact
denervated kidney are in agreement with pre-
viously reported isolated perfused kidney
studies (8-15) regarding the important role of
extravascular pressure in the autoregulatory
phenomenon. Findings from four independent
procedures in determining extravascular pres-
sures show cssential agreemeni. These proced-
ures are: values of (a) deep vein pressure (ar-
cuale vein or deeper); (b) needle pressure;
(¢) large vein pressure increase which results
in a significamt fall in renal blood flow and
(d) ureteral pressure increase producing a drop
in renal blood flow. These independent meas-
urements appear to adequately substantiate
needle pressure measurements previously re-
ported in this laboratory (8-15), and by others

—3—




(25, 27, 28). It appears that if bleeding is pro-
duced by the tissue pressure needle, it is venous
in origin. Since deep venous transmural pres-
sures approximate zero mm. Hg (11, 13, 14),
deep venous pressures are reflections of tissue
pressure. A penetrating needle may be apt to
puncture veins because of the large volume
occupied by the venous segment (3, 19). Extra-
vascular pressures obtained in the present study
are of similar magnitude, although slightly
higher, than those previously reported in isolat-
ed perfused kidneys (8-15).

Autoregulation was observed in the present
study when both renal arterial and renal venous
pressures were altered. “Renal arterial” auto-
regulation was found to be produced in” large
part by changes in extravascular pressure,
whereas  “renal venous” autoregulation was
brought about by failure to alter resting extra-
vascular pressures until approximated in magni-
tude by large vein pressure,

It has been shown (26) that capillary and
tubular pressures are uninfluenced by changes
in renal artery pressure. However, these report-
ed results (26) may be accounted for by release
of catechol amine-like agents following carotid
artery occlusion, as demwonstrated in the present
study. Release of constrictor agents inio the
blood as a result of carotid occlusion would pro-
duce an exaggerated degree of autoregulation
by afferent arterial constriction, and would pre-
vent a rise in extravascular pressure. Compres-
sion of the aorta above the renal artery would
act in reverse fashion to offset normal changes
in extravascular pressure.

Values of directly measured deep venous
pressures in the present study are corroborated
by the other previously described procedures
(8-16). Additional information validating this
measurement is as follows: (a) obstruction of
the venous bed by the catheter is unlikely be-
cause of the massive degree of collateralization
(2, 3, 19); (b) the size of the catheter does not
influence the magnitude of the pressure (16},
and (c) the greater the degree of autoregulation
when either arterial or venous pressures are
increased, the higher is the recorded d=ep venous
pressure value (12-15).

Obstruction of lymphatic vessels did not ac-
count for the high values of extravascular pres-

-

sure in the present study. No lymphatic vessels
were ligated and results in the intact study were
similar to isolated perfused preparations (8-
15). Lymphatic ouiflow, reportedly lesser in
magnitude when arterial pressure is increased
than during venous pressure elevation (3, 6) is
entirely consistent with the present and past
(8-15) investigations: increasing arterial pres-
sure results in increased exiravascular pressure
which would compress lymphatic vessels. Lym-
phatic flow therefore autoregulates (6, 7). The
mag; .iudes of tissue pressure and lymph flow
rale are inversely related {20). On the other
hand, increases in large vein pressure would
increase peritubular transmural pressure but
extravascular pressure tends to remain constant
through wide ranges of venous pressure altera-
tion {(14). Lymphatic outflow would therefore
increase. Caution should be exercised in the in-
terpretation of the relationship of lymphatic
pressures and flows and autoregulation, for ex-
ample, lymphatic pressure should not be taken
as a measure of tissne pressure (7) unless the
tip of the measuring catheter is in the renal
parenchyma {13). This relationship also exists
between large vein and deep {arcuate, inter-
lobular) venous pressures (13, 16). It is diffi-
cult to interpret the significance of changes in
lymphatic pressures and flows for the following
additional reasons: lymph vessels of capsule
and parenchyma anastomose (20}; acute lym-
phatic congestion has no effect on GFR and
RBF (20); injections of epinephrine resuli in
a decrease in urine flow but an increase in
tymph flow (23). The latter observation could
be explained by decreases in glomerular and
tissue pressures.

There has been much recent interest in the
effect of increased ureter:1 pressure on renal
hemodynamics (13, 17, 24, 27). Results from
the present study are in agreement with those
reported by Kiil and Aukland (17), Winton
(27), and Waugh (W. H. Waugh, personal
communicaiion). Renal blood flow falls when
ureteral pressure rises to values approximating
or exceeding resting (control) extravascular
pressure. In several experiments, renal blood
flow significantly increased following ureteral
occlusion. This has also been reported by others
{17, 24), and from the data of the present
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study, initially occurs when ureteral pressure
is well below the level of conirel extravascular
pressure. A myogenic reflex resulting from a
decrease in pre-glomerular transmural pres-
sure {due to increased extravascular pressure)
therefore appears improbable. Other possibili-

ties have been pointed out by Selkurt (24).

Figure 3 is a schema of the proposed mechan-
isms aperating to produce renal autoregulation.
The several suggested components of resistance
are depicted in a qualitative fashion. General-
ized extravascular pressure (tissue pressure} is
seen to account for approximately 2/3 of the
total resistance change. Other components, each
accounting for fractions of the total resistance
are, Bowman’s capsule extravascular pressure
(10); changes in post-glomerular viscosity
(10, 12); the myogenic response (4, 15, 16,
26) and metabolic factors (15). It is probable
that the contributions of each of the proposed
components of resislance may vary in magni-
tude in kidneys as is suggested by the resulis
of the present and past {8-15) investigations.
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PLACEMENT OF DEEP VEIN CATHETER
IN INTACT KIDNEY

CATHETER TIP
IN DEEP VEIN

RENAL VEIN

-------- PLASTIC CANNULA

-------- RUBBER TUBING

----- NEEDLE (No.13)
V4
VENOUS

OUTFLOW \\\\\\

INTO RESERVOIR ----TO PRESSURE

TRANSDUCER

Ficure 1. Placement of deep vein catheter in intact kidney.
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DEEP RENAL 100 - 3

VEIN
PRESSURE 0~
RENAL 200~ 1
ARTERY oo T
PRESSURE S E
{mm Hg) 0~ n + A
€ T
£ Rp-y 0.40 0.39
L= ]
e Ry 0.2 0.18
[~
P
£
E RBF = 5.5 cc/min/gm (RAP = 128 mm Hg)
Ficure 2.

Relationships of deep renal vein pressure, renal artery pressure. and renal segmental
resistance.

{one expt.)

R,=TOTAL RESISTANCE (RAP/F) iLVP=Z.RO mm Hg)
R, —,=PREVENOUS SEGMENT RESISTANCE (RAP-DVP/F;
R,=VENOUS SEGMENT RESISTANCE (DVP_LVP/F)
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RENAL VASCULAR RESISTANCE

n
i
4

—
L
)

p TISSUE PRESSURE

BOWMAN'S CAPSULE
EXTRAVASCULAR PRESSURE

PCST-GLOMERULAR VISCOSITY
MYOGENIC RESPONSE
METABOLIC RESPONSE
4 4
0 100 200

RENAL ARTERY PRESSURE
(mm Hg)

Ficure 3. Mechanism of autoregulation: suggested components of resistance. (Qualitative re-
lationships. )
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TABLE T

EXTRAVASCULAR PRESSURE AND ARTERIAL
PRESSURE IN THE INTACT KIDNEY
(21 KIDNEYS, 21 DOGS)

EXTRAVASCULAR MEAN ARTERIAL RENAL BLOOD FLOW
PRESSURE* (mm Hg) PRESSURE (mm Hg) {cc/min./gm)
MEAN 37 122 4.0
RANGE 18-50 90-145 2.3-5.5
S. E. 2 3 0.2

*Determined by two to four procedures described in text. in 17 kidneys,
Determined by value of deep véin pressure in 4 kidneys.

TABLE II

DEEP VEIN PRESSURE AND RENAL ARTERY
PRESSURE IN INTACT KIDNEYS*®

EXPT. NO. DEEP VEIN PRESSURE RENAL ARTERY PRESSURE
(mm Hg) (mm Hg)
13 . 45 123
14 37 145
15 37 128
i6 61 151
17 45 131
18 24 116
19 50 140
20 41 109
21 41 128
MEAN 42 129

*Pressure recorded early in experiment at time of equilibrium of renal blood flows.
(Average RBF =4.2 cc./min./gm.; range, 2.7-5.5)



(unw /o9y MOTd dOOTd TVNIY = J6Y

{utw fod B ww) (J/dAT — dVY) HONVLSISIY TVIOL = ‘¥,

8¢ 8¢ ¥¢ 174

6 1o It 1o

g€ST 3L0 @91 8L0

A0 d Chib | |
0€ — 91 ST—1

€€ ee "SLdXA ‘ON

6 I'o T°S

96T 60 NVAN
«J94 Y

(SH ww) FONVY

0 AMSSHUJ

TOWMLNOD SNONAA TYNAYH

(sSop /1) XANAIY LOV.ILNI AHL NI NOLLVAATA
TUNSSTYd NIFA DUV A0 SLOTIITA DINVNIXAOWIAH

61 61 Lt Ll Of 0g
6 1o Al 10 o1 10
9¢1 gL'0 a9¥1 T79°0 IST LL0
Jq4 ‘A REE | J4H “A
¢L— 19 09 — 9% Sy —1¢
90'0 S0'0 €10 210
82°0 «CI'0 880 290
18 020 «20°0 190 «S10
96 0 «P€'0 60’1 «1670
19 220 <900 001 «¥L0
LS 260 «SE0 ¥ P11
001 ST'0 «60°0 170 <S€'0
L8 G20 «S00 180 850
1€ CT'0 «200 6L'0 «£S°0
HTVLOL *"Y Y
d0 " vV % AIDNVISISIY v

Al 474V.L
< 9
8F 1@
r <€I0
19 <.1¥
8¢ <8
09 8¢
9% <80
S <6
Llé  ~01

A94/dAT—dAd = Hm

A99/dVY = “H.
‘PY W cp-g7T VY I® ¢ (§9-2'7 9duer)
Wi U o0 6% = J4Y NVAN

8 L HS
GGI <101 NVIK
€ET 08 1e

IST  «83L 91

GLL <86 14\

99T Scal €l

CET  « €6 6

S81 001 8

¢VT <28 L

(Y wuw) yNSSAYd (8 ww) YNSSTUd

YVTIIOSYAVULIXYT Vv AHIIYV 'IVNAY v

SXUNAI 1OV.INI NI
ANSSTYd YVINOSVAVILXA ANV NOLLVINODAYO.LNY

III 419V .L

"'ON "LdXH

—10 —



(U fo3) MO[y povlq Jeudy = fY
(SH wwry aunssard ua oo = JA

(unw fo2 (B uiu) J/GAT-dAC 90UBISSal uawdas snoua =ty
(unw f2a /Y wau) g/ dAT-dVY eouRstsal (eual [Blog = Yy,

uanialxa yoea “juejsung arnssaud Aape [euay,

Gl 05 10 ¥0 S0 ¢ T0 €0 S02 9¢ 10 S0 106 v€ €0 90 Ll
P8I S€ 10 S0 %61 62 10 90 %6l Ll €0 L0 91
8¥1L 99 [0 90 €91 Oy 10 20 @91 9¢ 10 L0 291 9¢ ¢0 80 SI

8 S8 20 01 801 €L %0 T'T OIL S9 €0 21 %II 29 #0 €1 VIl 09 S0 %1 el
06 S9 10 90 001 SS Z0 60 90T 0S €0 0T %0l 8 v0 11 |
A9 JAQ Y M 498 JAQ Y M J9Y dAd Y Y A9Y dAQ MM MM 498 JAD MY MY 498 A Y
SL— 19 09 — 9% Sy — ¢ 0€ — 91 S1—1 0 "'ON
(8 ww) FINVYH TUNSSAUd NIAA ADUV'I "LdXA

«*XAANJIM I1OV.INI dHL NI SHONV.LSISTY
INFWOTS SONONHA ANV TVIOL NO
HENSSTAd NIFA IOUVT JISVAYONI 40 1LOFIAH

A 119V L

— 11 —



EXPT.
NO.

Q-3 Ut > Wk

TABLE VI

EFFECT OF INCREASED URETERAL PRESSURE
ON RENAL BLOOD FLOW IN
INTACT DENERVATED KIDNEYS

WITHOUT DIURESIS

A UP*
(mm Hg)

0~ 65
0> 24
0~ 44
0~ 63
0= 24~ 33
0> 53
0> 17> 42
0= 25> 68
0> 93
0> 35> 59
0> 72
0= 31

A RBF

{cc/min)

156> 130
276> 255
162= 156
188~ 162
264> 246~ 237
140~ 150
150> 158> 138
110~ 114—> 92
137 120
216~ 228~ 198
207> 228
144> 14]

1.

E. P,
(mm Hg)

44
45

23
48
16
38
85
38

25

1.

WITHd DIURESIS E. P.
{mm Hg)

A UP* A RBF

(mm Hg) (ec/min)
0> 71273 168~ 180~ 122
0> 75 276> 213
0~ 85 183~ 150 48
0~ 385 120> 94 48
0795 258 180

*Intermediate values of UP are to be associated with intermediate values of RBF.
TDetermined by value of deep venous pressure andfor value of increased large vein pres-
sure resulting in significant decrease in renal blood flow.

8 EXPTS.

MEAN
S. E.

6 EXPTS.

MEAN
S. E.

TABLE VII
EFFECT OF CAROCTID ARTERY OCCLUSION ON

VASCULAR RESISTANCE OF ISOLATED

PERFUSED KIDNEY*®

CAROTID OCCLUSION
A SYSTEMIC ARTERIAL. A RENAL RESISTANCE
PRESSURE (mm Hg)

132~
3.9

193

12.5

{mm Hg/cc/min)
1.8=> 24
0.2 0.4

RELEASE OF CAROTID OCCLUSION

171~
7.9

125

5.2

1.9 1.6
0.2 0.3

* Arterial pressure or remal blood flow of isolated kidney maintained constant.
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